Abstract T cell activation is crucial for the development of specific immune reactions. It requires physical contact between T cells and antigen-presenting cells (APC). Since these cells are initially located at distinct positions in the body, they have to migrate and find each other within secondary lymphoid organs. After encountering each other both cells have to maintain a close membrane contact sufficiently long to ensure successful signaling. Thus, there is the necessity to temporarily synchronize the motile behavior of these cells. Initially, it had been proposed that during antigen recognition, T cells receive a stop signal and maintain a stable contact with APC for several hours when an appropriate APC has been encountered. However, direct cell observation via time-lapse microscopy in vitro and in vivo has revealed a different picture. While long contacts can be observed, many interactions appear to be very short and sequential despite efficient signaling. Thus, two concepts addressing the biophysics of T cell activation have emerged. The single encounter model proposes that after a period of dynamic searching, a T cell stops to interact with one appropriately presenting APC until signaling is completed. The serial encounter model suggests that T cells are able to collect a series of short signals by different APC until a critical activation threshold is achieved. Future research needs to clarify the relative importance of short and dynamic versus long-lived T cell-APC encounters for the outcome of T cell activation. Furthermore, a thorough understanding of the molecular events underlying the observed complex motility patterns will make these phenomena amenable for intervention, which might result in the identification of new types of immune modulating drugs.
Introduction
T lymphocytes are positioned at the crossroads of the human immune system. They are central for efficiently mounting an adaptive immune response. To fulfill their tasks, T cells undergo a complex maturation process and display a characteristic migratory pattern where they physically and functionally interact with many cell types of the body. Thus, for proper functioning of 200 P. Reichardt · M. Gunzer the immune system, the ability to migrate in an autonomous fashion is an indispensable prerequisite (Friedl and Brocker 2002) . In the case of the de novo induction of a specific immune response, two diverse cell types, a T cell and an antigen-presenting cell (APC; mainly dendritic cells (DC), B cells, or macrophages (Mφ)), have to physically engage and need to exchange specific signals. T cells recognize a complex of a peptide antigen in combination with a major histocompatibility complex (MHC) molecule on the surface of APC via their antigen-specific T cell receptor (TCR). During thymic development, the clonotypic TCR are generated by a chance recombination of a huge number of genetic building blocks, also including mechanisms to add variety. This is done by each developing T cell individually, until a functioning TCR is obtained. Thus, although each T cell expresses only one type of TCR, the diversity of the TCR in the whole T cell compartment is immense (Nikolich-Zugich et al. 2004; Goldrath and Bevan 1999) . However, although there are millions of different TCR, each one is able to recognize a spectrum of peptide-MHC complexes with different affinity; thus, each antigen will be recognized by a number of individual T cells, albeit with distinct efficiency. This system may help in finding a balance between the ability to recognize a broad set of antigens and to mount a specific immune response in a short enough time (Nikolich-Zugich et al. 2004) .
Only contacts with peptide-MHC complexes of sufficiently high TCR affinity will ultimately lead to an activation-associated change in one or both partners, e.g., blast formation and proliferation in T and B cells, or antibody production and antibody class switch in B cells only. However, all cell types that need to interact initially reside in very diverse areas of the body. Moreover, only very few of a body's APC will carry the specific antigen looked for by a specific T cell. In contrast to hormonal signaling, which allows communication between far apart cells by means of small, transportable molecules, from all that we know it is not possible to communicate between an APC and a T cell to indicate which antigen has entered the body, other than by direct physical cell-cell contact. We will see later how, despite these obstacles, the body ensures efficient T cell activation leading to a successful immune response by creating unique immunological "marketplaces" of intense cell communication and cell-cell contact: the lymph nodes. To better understand the functional importance of the migration and cell-cell interactions of T lymphocytes, we will first follow a developing T cell along its way from the bone marrow to the thymus, where precursor T cells prepare for their central task, the encounter with a foreign antigen and the appropriate response to it. The activation of T cells by antigen occurs in the lymph nodes, the anatomy of which we will therefore briefly discuss. Mapping of the T cell's workplace will then open the way for having a closer look at experimental data obtained from direct observations of cell-cell interactions, and at the mechanistic models generated from these data that try to explain how cellular contacts will enable a T cell to become activated in vivo.
